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Abstract. We present a series of systematic abundance measurements for 89 hot 
DA white dwarfs drawn from the FUSE observation archive. These stars span the tem- 
perature range * 20000-70000K, and form the largest sample to-date, exceeding our 
earlier study, based mainly on IUE and HST data, by a factor three. Using the heavy 
element blanketed non-LTE stellar atmosphere calculations from this previous work, 
we are able to measure the abundances of carbon, silicon, phosphorus and sulphur and 
examine how they change as the stars cool. We are able to establish the broad range 
of abundances seen in a given temperature range and establish the incidence of stars 
which, like HZ43, appear to (surprisingly) be completely devoid of any material other 
than H in their atmospheres. As a result we can begin to identify stars with peculiar 
abundances in this temperature range and determine whether or not these objects might 
be accreting planetary debris, as has been inferred for many cooler objects. 



1. Introduction 



Measurements of the physical parameters of white dwarf stars are crucial to under- 
standing their evolution and their relationship with progenitor stars on the giant branch. 
Of particular importance are accurate measurements of photospheric composition and 
structure, which can tell us how the He and heavy element content of white dwarfs may 
change as the stars cool. 

Our understanding of the composition of hot white dwarfs has evolved radically 



during the past decades. Schatzman (1958) pointed out that the strong gravitational 
field (log g ~ 8 at the surface) of a white dwarf would cause rapid downward diffu- 
sion of elements heavier than the principal H or He components, yielding very pure 
atmospheres devoid of any other material. However, many white dwarfs show evidence 
for significant quantities of heavy elements in their atmospheres (e.g. Barstow et al. 
|1993[ |Marsh et al.|1997[ |Barstow et al.||2003 1, which appear to be present because ra- 



diation pressure (or "radiative levitation") counteracts the downward force of gravity 
(e.g. IVauclair et al.|1979[rChayer et al.|1995]|Schuh et al.|2002p . 

In the last few years an increasing number of heavy element-contaminated white 
dwarfs have been discovered, associated with infrared excesses and closely orbiting 
rings of dusty and gaseous debris (Farih i et al.||2009 Jura et al.||2009 ; [Gansicke et al. 
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2008). Such debris offers a ready source of materiai for accretion into the atmospheres 



of the host stars. A statistical analysis of the galactic position and kinematics of DZ 
and DZA stars from the Sloan Digital Sky Surveys reported no correlation between ac- 
creted Ca abundances and spatial-kinematical distributions relative to interstellar ma- 
terial ( Farihi et al.||2010 ). Furthermore, they find that the DZ and DC stars belong to 
the same population. Accretion from the ISM cannot simultaneously account for the 
polluted and non-polluted sub-populations. Therefore, it is probable that circumstellar 
matter, the rocky remnants of terrestrial planetary systems, contaminates these white 
dwarfs. 

Barstow et al. ( 2003] ) published a survey of hot DA white dwarf compositions 



based on far-UV spectra obtained with IUE and HST, the largest to date. However, 
the 25 stars included in this work provide a sample with a number of in-built biases. 
For example, the spectra were mostly obtained where it was expected that there was a 
high chance of detecting heavy elements. As a result, most of the targets observed have 
T e ff ~ 50000K or above, with very sparse coverage at lower temperatures. In addition, 
it is not possible to say anything about the frequency of stars with or without heavy 
elements. 

The FUSE mission observed a large number (>100) hot white dwarf stars dur- 
ing its lifetime. As these targets were derived from a variety of programmes, includ- 
ing studies of the ISM as well as white dwarf composition, the coverage of the white 
dwarf temperature range is much more uniform and the selection biases less problem- 
atic. Therefore, a detailed analysis of this sample can provide insight into the photo- 
spheric abundance patterns across the whole temperature range and the proportion of 
stars which are uncontaminated by photospheric heavy elements. 



2. The FUSE Sample 

While more than 100 hot white dwarfs and related objects were observed during the 
course of the FUSE mission, only 89 of these have spectra with sufficient signal to 
noise for the the purpo ses of this study. Ne vertheless, this is a factor three increase 



over the earlier study of Barstow et al. (2003 1. The wavelength coverage of 900-1 180A 



is complementary to that of IUE and HST (« 1100-1700A), but has a limited range 
of overlap. Therefore, analysis of the FUSE data relies on a different group of atoms 
and ions to those available at longer wavelengths. The principle species detected in the 
FUSE wavelength range are: Cm, Civ, Niv, Ovi, Suv, Piv, Pv, Siv and Svi. However, 
not all of these are useful for abundance measurements due to ISM contamination (Ovi), 
or the signal to noise in that region of the spectrum (Niv and Svi), and lack of sensitivity 
to abundance changes in this temperature range (Piv). Hence, the principal useful lines 
are the Cm multiplet near 1 175 A, Siiv 1066.614/1 122.5A, Pv 1 1 17.977/1 128.008A and 
Siv 1062/1072.793A. 



3. Results 

We will report the detailed abundance measurements for each star in a forthcoming 
journal paper (Barstow et al. 2012, in preparation). Here, we summarise the overall 
results for the complete sample of stars. Table [T] lists the stars included in the sample, 
along with their effective temperatures and log g values. For each star, detection is 
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Figure 1 . Histogram showing the fraction of DA white dwarfs with (green) and 
without (red) photospheric heavy elements in 10 000K effective temperature bins. 



indicated by "D" and non-detection by "U". It is clear from studying the whole sample, 
that in a particular temperature range there are numbers of stars both with and without 
photospheric heavy elements. We define a metal-containing star as one which has a 
detection of at least one of the species listed above, but many objects contain more than 
one detected element. Figure [T] illustrates this, where the whole temperature range is 
divided into 10000K bins and the relative proportions of those with metals and those 
with pure H atmospheres are represented by the histogram. The relative fractions are 
not uniform and the highest proportion of "metal-rich" DAs is found in the highest 
temperature range, as might be expected. An important result is that, even at the highest 
temperatures, there is a significant proportion of white dwarfs that appear, at the limit of 
the sensitivity of the observations, to have pure H envelopes. Furthermore, a significant 
fraction of stars have metal-containing atmospheres even at the lowest temperatures. 

Figures[2]and[3]show the measured abundance of C and Si as a function of effective 
temperature. The filled diamonds are the measurements with their associated error 
bars while the curves represent the abundances predicted by the radiative levitation 
theory of Chayer et al. (1995]) for log surface gravities of 7.5 (thin curve) and 8.0 (thick 
curve) spanning the range of log g for the sample of stars. It is clear that where C is 
detected the predicted abundances are mostly significantly higher than observed, except 
at temperatures below « 27000K. In contrast, there is better agreement between the 
predictions and measured Si abundances over much of the temperature range, although 
at the highest temperatures (above ~ 55000K) the measured values are several orders of 
magnitude above what is expected. At intermediate temperatures, in the range 25000- 
40000K, observed abundances are somewhat lower than predicted. Similar patterns are 
also seen for P and S (not shown here due to limited space). One significant features of 
all the measurements is the large scatter in values at any particular temperature. Much 
larger than would be expected just from gravity variations between objects. 
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Table 1 . The stars included in the sample, along with their effective temperatures 
and log g values. For each star, detection is indicate by "D" and non-detection by 
"U". 
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Figure 2. Measured abundance of carbon (filled diamonds) as a function of effec- 
tive temperature compared to the predictions of radiative levitation calculations for 
log g=7.5 (thin curve) and log g=8.0 (thick curve). 
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Figure 3. Measured abundance of silicon (filled diamonds) as a function of effec- 
tive temperature compared to the predictions of radiative levitation calculations for 
log g=7.5 (thin curve) and log g=8.0 (thick curve). 
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4. Discussion 

We have reported on the largest survey of hot DA white dwarf compositions carried 
out to-date. The most important outcome is that both metal-containing and pure H 
atmospheres exist at all temperatures in the range covered by the study. It is also clear 
that the measured abundance values and their patterns bear little relationship to the 
abundances predicted by radiative levitation calculations. This indicates that these are 
incomplete in some way and should be revisited. 
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